Introduction
Under the requirements of low energy consumption and environmental protection, automotive energy-saving and emission testing requirements are getting higher and higher. There are many certification tests and research and development tests that need to be completed on a chassis dynamometer. How to accurately measure the road load, which means running resistance, of a vehicle and then simulate the resistance on dynamometer is a very important research area for domestic and foreign research institutions. At present, there are mainly three kinds of existing test methods: road coast down energy change method, torque method, wind tunnel and chassis dynamometer test combination method [1] . Among them, the road coast down method is the most widely used method because it only needs the speed measuring instrument such as GPS to be easy to install and implement. However, affected by wind speed and road slop, the accuracy and consistency are very poor. The torque method needs to fix strain gauges on the driving axle shaft of the vehicle. And the test cycle by using this method is too long, and it is also easy to interference by the wind and slop. For the combined wind tunnel and dynamometer tests, the wind tunnel laboratory is used to measure the drag coefficient, and then the dynamometer is used to measure the mechanical resistance inside the vehicle and tire resistance together. The test method is carried out in the laboratory. Therefore, various conditions are easy to control and the accuracy is also considerably high. However, the resources of the wind tunnel laboratory are scarce, and thus it is not an effective measure to measure the running resistance. High High High The coast down method is simple, and it is limited by the effects of wind speed. The accuracy of measurement results can be improved by using an anemometer fixed on the vehicle. So that we can measure absolute speed of the vehicle by GPS and speed of vehicle relative to air and correct the influence of the wind speed simultaneously. The accuracy of the measurement results significantly improved and the consistency of the results of multiple tests also ensured.
The expression form of road load
Normally, the quadratic equation that simulates the driving resistance of the vehicle on the chassis dynamometer is the one-dimensional quadratic equation of the vehicle's driving speed.
Where F is the vehicle's resistance at each vehicle speed, v is the vehicle's driving speed, and A, B, and C are constant speed coefficient, one-term coefficient and quadratic coefficient, respectively. A, B and C determined by the road coast down test method are the target road load coefficients. This coefficient is the target value of the chassis dynamometer. The actual resistance and target resistance value of the chassis dynamometer are determined by adjusting the parameters of the chassis dynamometer combined with the actual resistance of the vehicle under the state of the stock transfer as close as possible to the target resistance value. When we use the actual coefficient, we allow 2%-3% deviation usually [2] .
According to Newton's theory and automobile theory, the equation of motion of a vehicle is
Where me represents the effective quality of the car, Dmech represents the mechanical resistance of the car. Dareo, represents the air resistance of the vehicle, Dgrav represents the resistance of slop [3, 4] . The above three aspects of resistance analysis: (ⅰ) Mechanical resistance from the transmission system, tires, etc., is generally a quadratic function of speed. (ⅱ) The aerodynamic resistance is closely related to the exterior shape of the vehicle, such as the frontal area. Because the wind speed and the direction of travel of the vehicle have a vector angle, the aerodynamic drag is proportional to the windward surface of the vehicle, air density, the square of apparent vehicle speed. (ⅲ ) Under normal circumstances, the vertical slope of the test road surface is not more than 0.1% in the test field for vehicle certification in China, so this item can be ignored in the actual calculation. After the hypothesis and theoretical deduction, the final equation of motion is me(dv/dt)=Am+Bmv+Cmv 2 +½ρAfvr 2 (a0+a1Y+a2Y 2 +a3Y 3 +a4Y 4 )
Where Am, Bm and Cm are constant terms that characterizes the mechanical resistance and tire resistance of a vehicle, a0, a1, a2, a3, a4, represent the constant terms that characterizes aerodynamic parameters and Af is the frontal area of the vehicle. When the frontal area is known, constrained analysis can be used to decompose the road load into aerodynamics resistance and mechanical resistance. When the frontal area is unknown, a numerical calculation method can be used to analyze the integrated road load factors [5, 6] .
Road load test using onboard anemometry method
Based on the Eq. 3 of motion function, the equipment required for designing the test includes: (ⅰ) GPS for measuring vehicle speed v. The selected vehicle anemometer can measure wind speed and rotation angle and the measurement signal passes by a data acquisition device. In addition, this test method requires that the vehicle anemometer be installed in a location that has the least impact on the vehicle's operating performance. From an aerodynamic analysis, the anemometer should be installed 2m in front of the vehicle's station point. At the same time, the anemometer should be installed parallel to the road surface. Leveling can be done on the anemoscope bracket.
Select vehicle 1# category of M2 with 15 seats and vehicle 2# category of M1 with 5 seats for road load measurement tests. The vehicle 1# accelerates to 125km/h. After the shift lever is taken to the neutral position, the throttle is released and the taxi speed is 15km/h. The vehicle 2# speeds up to 145km/h. After the gear shift to neutral, the throttle is released and the taxi speed is 15km/h. Each selected vehicle carries out at least five complete round trips. In order to ensure data validity, the sampling frequency of the data acquisition system is at least 5 Hz. After the original data is collected, the data is filtered to 1 Hz. 0.000000 -0.00000228 According to the preliminary analysis, the resistance of the prototype vehicle at each speed is calculated from the second to second, and compared with the predicted resistance at that point, the data points with large deviations are proposed, and after removing all the deviation points, the part of the data is finally valid. We chose those final valid data for final analysis and calculation. The linear 0.0707 0.0345 According to the frontal area of the vehicle and the density of air, the resistance of the vehicle at each speed can be divided into two parts. The first part is the mechanical resistance, and the resistance of the part is smaller. The other part is the aerodynamic resistance. The coefficient of the secondary resistance of this part is larger. When the vehicle speed increases, the resistance rises obviously. The resistance of the final synthesis is as shown in the enclosed area.
Fig5: Resistance area of vehicle 1# and 2# Based on the frontal area of the vehicle and the air density, the resistance of the prototype vehicle at each speed can be divided into two parts. The first part is the mechanical resistance, shown by the red curve in the figure below. The other part is the aerodynamic resistance, as shown by the green curve. The resistance of the final synthesis is shown by the blue curve.
Conclusions
(1) Using linear regression method, first analyze all available gliding test data to obtain preliminary test results. Then comparing the observed values with the theoretical values, remove the points with large differences and use the effective data points for the final linearity. This method can effectively eliminate the accidental data during actual testing, such as gusts, road bumps, GPS interference, and other random fluctuation data.
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(2) Vehicle-mounted anemometer can minimize the impact of environmental wind speed, ensure the consistency of test data, and effectively improve the accuracy and effectiveness of the test. (3) According to the equations of motion, a constrained analysis method can be used to separate the aerodynamic resistance from the mechanical resistance, and to better analyze the source of resistance of the tested vehicle. (4) Convergence analysis, due to the use of numerical preliminary analysis, and then using observation correction, the randomness data is removed, the convergence is good, and the experiment can reach rapid convergence after fewer number of coast down tests. (5) Based on the effective use of coast down test data, the test method can effectively, accurately and quickly measure the road load of the vehicle. Through comparison with the traditional data analysis results, it is found that the method can better reflect the actual road load performance.
